家庭用スターリング冷凍機 by 大髙 敏男

国士舘大学理工学部理工学科機械工学系
Kokushikan University, Mechanical Engineering Course,
School of Science & Engineering
論文 Original Paper
家庭用スターリング冷凍機
大  敏 男
Stirling Cycle Machine as a Household Refrigerator
Toshio OTAKA
Abstract: The greenhouse eŠect by carbon dioxide issue would make better recognizing the importance of
e‹cient use of energy in terms of high energy conservation measures. Accordingly, attention is drawn to the
Stirling refrigerator, which is a perfect Freon free refrigerator. The Stirling cycle has the highest theoretical
cycle e‹ciency corresponding to the value of the Carnot cycle among the proposed thermodynamic cycles.
Stirling refrigerators as household refrigerators with high e‹ciency and high cooling capacity have received
limited studies. The authors have designed and developed a 100 W class Stirling refrigerator for household
use. This paper presents some thermodynamic characteristics shown by PV analysis and experiments on a
Stirling refrigerator with a hybrid regenerator made of copper matrixes and nylon matrixes. And we per-
formed analysis and evaluation experiments using the 100 W capacity prototype refrigerator using the hybrid
regenerator, with the aim of applying Stirling refrigerators to household use. Moreover, this paper proposes
the small-size Stirling refrigerator with an active-type regenerator.















































Fig. 1 Ph diagrams




Stirling Refrigerator Helium 3.66
Temperature Conditions318 K/250 K
Super Heat/Under Cool5 K/0 K


























































Table 2 Speciˆcations of Prototype Machine
Cooling capacity 100 W
Cooler wall temperature 233 K
Radiator wall temperature 303 K
Working ‰uid Heliume
Width Height Depth 260×320×130 mm
Bore×Stroke 60×20 mm
Mean Ppressure 0.7 MPa（max. 1.0 MPa)
Piston speed 16.7 Hz（max. 25 Hz)
Regenerator matrix Wire mesh（Cu, #100)
Fig. 3 Schematic view of prototype machine
Fig. 4 Typical ˆguration of Stirling machine
















に分類され，その代表的なものが図 4 に示すような a
型，b 型，g 型である。b 型は a 型や g 型に比べて作動
空間（圧縮室，膨張室）以外の空間，いわゆる死容積を
極力小さくすることが可能である。したがって，死容積










































Fig. 5 Cooling capacity as function of cold head temperature
Fig. 6 EŠects of mean pressure on cooling head temperature
Fig. 7 COP Courves
Fig. 8 PV Diagrams
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233 K よりも高くなっている。目標である233 K では
























効率との比で示した FOM (Figure of Merit以後，
FOM と呼ぶ）を導入する。COPj ( j＝1, 2, 3）とカルノー
効率の比である FOMj ( j＝1, 2, 3）を図 9 に示す。

Fig. 9 FOM Courvs
Fig. 10 Heat Balance
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図より，運転周波数9.8 Hz において FOM3 は0.24得


























































Fig. 11 Heat Transfer System




















Table 3 Properties of Cooper and Nylon
Properties Copper Nylon
Termal conductivity W/(m･K) 400.0 0.882
Density kg/m3 8800.0 1130.0
Spesiˆc heat J/(kg･K) 400.0 1930.0
Open area ratio 0.363 0.473
Fig. 15 Pressure Loss of Hybrid Matrix
Fig. 16 Schematic View of The Cylindrical Cam Type
Stirling refrigerator
Fig. 17 EŠects of hybrid ratio on cooling capacity



























たためである。また，図18に COP と図示 COP を示

Fig. 18 EŠects of hybrid ratio on COP






















































Fig. 20 Schematic View of The Driving Mechanism
Fig. 21 Active type regenerator
Fig. 22 Urethane Matrix




Number of cell 60 (number/25 mm)
Weight 2.12（g)
























Table 5 Properties of Copper and Urethane form
Copper Urethane form
Thermal conductivity (W/mK) 400 0.018～0.042
Density (Kg/m3) 8800 12～100
Speciˆc heat (J/Kg･K) 385 1800～2800
Volume opening ratio 0.728 0.90～0.98
Weight of matrix (g) 244.3 1.23～10.21
Thermal capacity of matrix（J/K) 97.61 2.21～28.59
Fig. 23 Indicated Cooling Capacity
Fig. 24 Indicated COP
Fig. 25 PV Diagrams of Expansion Space





























Fig. 27 Active Type Regenerator used Free Piston as a
Matrix Piston
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